SUMMARY One-hundred nineteen children with isolated mitral valve prolapse were studied in order to elucidate the clinical, electrocardiographic, echocardiographic, angiographic and exercise response manifestations and its natural history in childhood. The mean age at the time of diagnosis was 9.9 years, with a mean follow-up of 6.9 years. The diagnosis in 118 cases was based on characteristic auscultatory phenomena. Ninety-one percent (n = 84) of the patients undergoing echographic examination had documentation of mitral valve prolapse. The evaluation of these children also included routine ECGs (n = 116), thoracic roentgenograms (n = 106), cardiac catheterization (n = 16), and graded exercise testing (n = 43). Two patients required antiarrhythmic medication for supraventricular tachycardia. No progression of mitral incompetence was observed, and there were no sudden deaths. One patient developed infective endocarditis and one had a cerebrovascular accident. We conclude that the diagnosis of mitral valve prolapse can be made clinically by characteristic auscultatory phenomena and that "silent" mitral prolapse is rare in childhood. The prognosis of isolated mitral valve prolapse in children appears to be excellent.
THE CLINICAL FEATURES of mitral valve prolapse (MVP) have been well described in adults,1'3 but little attention has been given to the spectrum of isolated MVP in children.4 7 We identified 118 children with the characteristic auscultatory features of MVP and one child with echocardiographic manifestations of prolapse, but an absence of clinical findings. In this study we analyze the clinical, electrocardiographic, echocardiographic, angiographic findings, exercise response, and natural history in these patients with MVP.
Materials and Methods
One hundred eighteen patients seen at Children's Hospital Medical Center had auscultatory evidence of a late systolic murmur, apical systolic nonejection click, or both. This study group represents all of the children referred to our institution between 1956 and 1977 who were recognized as having isolated MVP. Auscultation was performed in every case with the patient in the supine, left lateral decubitus, standing and squatting positions. The timing and intensity of the murmur/click complex responded characteristically to various postural maneuvers.8' B In every instance the patients were examined by one of the investigators. We excluded from the study all patients with hypertrophic cardiomyopathy, pericardial effusion, atrial septal defect (ASD), ventricular septal defect, obvious features of Marfan's syndrome or other associated cardiac defects.
The familial cases in the study group included two sisters and the female sibling of a 26-year-old male with documented MVP.
One hundred sixteen patients had standard 12-lead ECGs and 106 had posteroanterior and left lateral chest teleoroentgenograms. Forty-three underwent graded exercise testing using the method described by James et al.0' 11 Patients were selected because of a history of chest pain and/or arrhythmias. In addition, some children were exercised randomly as a provocative test for ventricular arrhythmia. These tests were performed within 1 year of the initial diagnosis. The criteria for an abnormal ST-segment change during exercise have been described. 10' 11 Ninety-two children underwent M-mode echocardiographic examination. All 
Results

Clinical Features
The youngest child presented at 2.5 years of age and the oldest patient was 22.2 years at the time of initial examination (mean 9.9 years). There were 82 females and 37 males (2.2: 1 female: male ratio). The follow-up period was 756 patient-years. The shortest was a onetime visit and the longest was 21 years. Twenty-one (18%) have been followed for more than 10 years. The mean duration of continuous clinical observation was 6.9 years. Ten of the original 119 patients have been lost to follow-up. Of the remaining 109 patients, 101 have been followed more than 2 years.
Forty-one patients (34%) presented with a nonspecific febrile illness of short duration. All but three of these patients had been followed by the same physician for a minimum of 2 years, and 30 of the remaining 38 patients were noted by the same referring physician to have the positive auscultatory findings. A click, murmur or an unusual auscultatory examination were not previously noted in these 41 patients until they presented with this acute febrile reaction. Four of the 41 patients were referred to our institution because of a suspicion of pericarditis, based on auscultation. However Physical Findings Seventy-four patients (62%) presented with an apical nonejection systolic click, followed by a late systolic murmur. Twenty-eight patients (24%) had an isolated late systolic murmur. Sixteen (13%) of the children were noted to have an isolated apical click or series of clicks. Two (2%) of the above patients initially presented with a pansystolic murmur of mitral insufficiency. Both of these later developed a midsystolic click along with a late systolic murmur. Of the 102 patients with murmurs, 31 had a "whooping," "honking," "squeaking," or a musical quality to the murmur.
Four (3%) of the patients were noted to have pectus excavatum on physical examination. One patient had bilateral hip dislocations, associated with scoliosis and spina bifida. One patient had severe kyphoscoliosis associated with a rib cage deformity.
One patient was beyond the ninety-seventh percentile for height and two were below the third percentile. All children were between the third and ninety-seventh percentile for weight.
Radiographic Findings
One hundred six of the 119 patients had posteroanterior and lateral chest radiographs. Eightythree (78%) were normal; 12 (11%) had varying degrees of mild thoracic scoliosis, associated with pectus excavatum in one patient. Two patients had radiographic findings consistent with the straight-back syndrome. One patient had pectus carinatum. Eight patients (8%) had minimal cardiomegaly as judged by a cardiothoracic ratio greater than 0.60 but less than 0.70 on a radiograph taken during full inspiration.
Electrocardiographic Findings
Seventy-three (63%) patients had abnormalities on the resting tracing. Fifty-six (48%) of the 116 patients exhibited the classic pattern of T-wave inversion in the inferior leads.3 Eight (7%) presented with an isolated arrhythmia and nine had both arrhythmia and T-wave abnormalities. Of the 17 patients (15% of the total group) with arrhythmias, 10 had multiple unifocal premature ventricular contractions (PVCs), one patient had premature atrial contractions (PACs) associated with frequent paroxysmal atrial tachycardia, two had both PACs and PVCs, and three patients had intermittent junctional rhythm. The remaining patient developed intermittent supraventricular arrhythmias of several types (paroxysmal atrial tachycardia, atrial fibrillation, and accelerated junctional rhythm). Thirteen of the patients with electrocardiographic abnormalities had prominent midprecordial U waves. Forty patients (34%) were initially noted to have normal resting ECGs. The remaining three patients had miscellaneous abnormalities, including complete right bundle branch block, left-axis deviation and right atrial enlargement. Ten of the 116 children had first-degree atrioventricular block (PR interval > 0.20 second).
Of the 41 children presenting with an acute febrile illness and auscultatory signs of MVP, 14 (34%) had initial T-wave abnormalities on the ECG in the inferior leads, which subsequently improved or reverted to normal, despite persistence of the late systolic murmur/nonejection click auscultatory complex ( fig. 3) . The average heart rate on the initial tracing in the 14 patients was 99 beats/min. The average heart rate after the ECG normalized was 90 beats/min. Only four of these patients subsequently underwent graded exercise testing. All were performed after T We concur with Jeresaty23 that the mid-late systolic, apical, nonejection click is the pathognomonic auscultatory feature of MVP. In reviewing the nearly 4000 consecutive echocardiograms performed on children at our institution, including 182 normal subjects between 2 months and 15 years of age, using criteria described above, we have recognized only one case of "silent" MVP. This experience suggests a low incidence of "silent" MVP in the pediatric population. We recognize that minimal dipping of the mitral leaflets beyond the reference line (especially in the already equivocal diagnosis of pansystolic hammocking) may not be the sine qua non for diagnosis of prolapse. However Although there were no children in our study group with ST depression on the resting ECG, there was an increased incidence of ST depression (35%) during exercise compared with our own control population. The mechanisms for these changes are not clear. Since overt coronary artery disease was not present in our children, this increased incidence of positive electrocardiographic findings of "ischemia" during stress implies a functional alteration in myocardial blood supply. Perhaps this could be attributed to impaired left ventricular contractility, which may be a primary abnormality, or may be secondary to distortion of the papillary muscle and adjacent myocardium, resulting from the abrupt stress of the prolapsing mitral valve. Exercise-induced arrhythmias, noted in 21% of our patients, may reflect latent myocardial instability, which was unmasked by maximal stress. However, the prognostic implications of these findings remain obscure.
The echocardiographic spectrum of isolated MVP has been discussed in detail by others.30 31 Koch et al.41 reported six instances of sudden death, two patients with progressive mitral insufficiency and no episodes of infective endocarditis. Allen et al.40 reported 62 patients followed 9-22 years and noted five cases (8%) of bacterial endocarditis and 10 instances of minimal progression of mitral insufficiency. The threat of infective endocarditis has been noted by many others, but this complication occurred in only one of our patients. However, we have advised the parents of most of our patients of the need for subacute bacterial endocarditis prophylaxis; therefore, to the best of our knowledge this represents a protected group. The true incidence of subacute bacterial endocarditis in an unprotected population with MVP is not known, and therefore, the need for prophylaxis in patients with an isolated click has not been established. There have been no prospective long-term studies with regard to the effectiveness of antibiotic prophylaxis in this syndrome, so we believe that all patients with clinically recognized MVP, especially those with mitral insufficiency, should receive antibiotic prophylaxis for the prevention of infective endocarditis. This opinion is based primarily on the fact that infective endocarditis has been reported in adults with MVP.43 14 One patient developed physical signs of a cerebrovascular accident, unassociated with bacterial endocarditis. Stroke as a complication of MVP was described by Kostuk et In summary, our experience with 119 children with isolated MVP indicates that the diagnosis can be made clinically by characteristic auscultatory phenomena and verified by the echocardiogram. Although "silent" MVP represents an important form of presentation in the adult population, we detected a very low incidence of this entity in children. The etiology of the syndrome remains obscure and is probably multifactoral. In addition to previously suggested etiologic factors, we postulate a possible infectious (viral) etiology in many children. In contrast to the clinical course of MVP in adults, in whom morbidity and mortality are significant, the prognosis of isolated MVP is excellent during childhood and adolescence.
